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HUMIDIFYING APPARATUS

REFERENCE TO RELATED APPLICATTONS

This application 1s a continuation of U.S. application Ser.
No. 12/716,707, filed Mar. 3, 2010 now U.S. Pat. No. 8,356,

804 B2, which claims the priority of United Kingdom Appli-
cation Nos. 0903690.6, filed 4 Mar. 2009, and 0915033.5,

filed 28 Aug. 2009, the entire contents of which are 1mcorpo-
rated herein by reference.

FIELD OF THE INVENTION

The present invention relates to humidifying apparatus. In
a preferred embodiment, the present mmvention relates to
humidifying apparatus comprising a fan assembly for gener-
ating an air current for dispersing moist air within a domestic
environment, such as a room, office or the like.

BACKGROUND OF THE INVENTION

Domestic humidifying apparatus is generally in the form of
a portable appliance having a casing comprising a water tank
for storing a volume of water, and a fan for creating a flow of
air through an air duct of the casing. The stored water 1s
conveyed, usually under gravity, to an atomizing device for
producing water droplets from the recerved water. This device
may beinthe form of high frequency vibrating device, such as
a transducer. The water droplets enter the flow of air passing
through the air duct, resulting 1n the emission of a mist into the
environment. The appliance may include a sensor for detect-
ing the relative humidity of the air in the environment. The
sensor outputs a signal indicative of the detected relative
humidity to a drive circuit, which controls the transducer to
maintain the relattve humidity of the air in the environment
around a desired level. Typically, the actuation of the trans-
ducer 1s stopped when the detected relative humidity 1s
around 5% higher than the desired level, and 1s restarted when
the detected relative humidity 1s around 5% lower than the
desired level.

The flow rate of the air emitted from such a humidifier
tends to be relatively low, for example 1n the range from 1 to
2 liters per second, and so the rate at which the humid air 1s
dispersed into a room can be very low. Furthermore, as the
relattve humidity of the air 1n the local environment of the
humidifier will rise relatively rapidly 1n comparison to that of
the air in the local environment of the user, the relative humid-
ity detected by the sensor will not, at least initially, be indica-
tive of the relative humidity of the air local to the user. As a
result, the actuation of the transducer may be stopped when
the relative humidity of the air 1n the local environment of the
user 1s significantly below the desired level. Due to the rela-
tive low rate at which the humid air 1s dispersed into the room,
it can then take some time for the detected relative humidity to
fall to a level at which the actuation of the transducer is
restarted. Consequently, 1t may take a long period of time for
the relative humidity of the air 1n the local environment of the
user to reach the desired level.

SUMMARY OF THE INVENTION

In a first aspect the present invention provides humidifying
apparatus comprising a humidifier for emitting moist air into
an external environment, a fan assembly for generating an air
current within the external environment for conveying the
emitted moist air away from the humidifier, the fan assembly
comprising means for creating an air flow and a nozzle com-
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2

prising an interior passage for recerving the air flow and a
mouth for emitting the air flow, the humidifier being located
behind nozzle, the nozzle extending about and defining an
opening through which both air from outside the nozzle and
the moist air emitted from the humidifier are drawn by the air
flow emitted from the mouth.

An advantage for a user 1s that through the entrainment of
the moist air emitted from the humidifier within an air current
generated by the fan assembly, the moisture within the air
current can be rapidly conveyed away from the humidifier to
a distance of up to several meters. This can enable a user
located several meters away from the humidifier to experi-
ence a rapid rise 1n the relative humidity of the air 1n 1ts local
environment.

In order to promote a rapid rise in the relative humidity of
the air in the environment local to the user, the humidifier may
comprise a plurality of transducers for atomizing water stored
in the reservolr, and a drive circuit arranged to actuate an
initial number n,; of the transducers to increase the relative
humidity detected by the sensor to a preset level. This level
may be preset by a user using a user-operable dial or button
located on the humidifier, and may, for example, be any
relative humidity within the range from 30 to 80% at 20° C. In
a preferred embodiment the humidifier comprises two trans-
ducers and mnitially these two transducers are actuated simul-
taneously by the drive circuit to increase the relative humidity
detected by the sensor to the preset level. Thus, n; may betwo,
but the humidifier may be provided with a greater number of
transducers, for example three, four or si1x, depending on the
relative size of the humidifying apparatus.

The actuation of the mnitial number n, of the transducers
may be stopped when the presetlevel has been detected by the
sensor, or when the detected relative humidity 1s a certain
amount over the preset level. For example, 1n a preferred
embodiment the actuation of the initial number n, of the
transducers 1s stopped when the detected relative humidity 1s
1% at 20° C. higher than the preset level.

The drive circuit may be arranged to actuate a subsequent
lower number n, of the transducers to maintain the detected
relative humidity around the preset level. The actuation of the
lower number n, of the transducers 1s preferably started when
the detected relative humidity has fallen beneath the preset
level by a certain amount. For example, in the preferred
embodiment the actuation of the lower number n, of the
transducers 1s started when the detected relative humidity has
fallen beneath the preset level by approximately 1% at 20° C.,
and 1s continued until the detected relative humidity has risen
above the preset level by approximately 1% at 20° C. A lower
number n, of the transducers 1s thus periodically actuated to
maintain the detected relative humadity around the preset
level until the water stored within the reservoir has been
depleted or until the humidifier 1s switched off, either manu-
ally by the user or at the end of a preset time period. We have
found that actuation of this lower number n, of the transduc-
ers 1s sullicient to maintain the detected relative humaidity
around the preset level. Consequently, the life time of the
plurality of transducers may be increased in comparison to a
situation in which the 1nitial number n, of the transducers 1s
actuated to maintain the detected relative humidity around the
preset level.

The plurality of transducers preferably comprises a first
subset ol n, transducers and a second subset of n, transducers,
and the drive circuit i1s preferably arranged to actuate a
selected one of the first and second subsets of transducers
when the detected relative humidity has fallen below the
preset level. In order to maximise the life time of each of these
subsets of n, transducers, the drive circuit 1s preferably
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arranged to actuate the first and second subsets of transducers
alternately. In a preferred embodiment each subset of trans-
ducers comprises a single transducer but each subset may
comprise a higher number of transducers depending on the
overall number of transducers within the humidifier.

By conveying the emitted moist air away from the humaidi-
fier the relative humidity detected by the sensor may provide
a more accurate idication of the relative humidity of the air
in the environment in which the humidifying apparatus is
located than when no such fan assembly 1s used to convey the
emitted moist air away from the humidifier. The sensor may
be conveniently housed 1n the humidifier, but the sensor may
be located outside the humidifier, for example on a power
cable for supplying electrical power to the humidifier.

The fan assembly may be integral with the humaidifier.
However, the fan assembly 1s preferably a free standing fan
assembly located 1n front of the humidifier so that the moist
air emitted from the humidifier 1s drawn 1nto the air generated
by the fan assembly.

The fan assembly i1s preferably 1n the form of a bladeless
fan assembly. Through use of a bladeless fan assembly an air
current can be generated without the use of a bladed fan. In
comparison to a bladed fan assembly, the bladeless fan
assembly leads to a reduction in both moving parts and com-
plexity. Furthermore, without the use of a bladed fan to
project the air current from the fan assembly, a relatively
uniform air current can be generated and guided into a room
or towards a user. The air current can travel efliciently out
from the nozzle, losing little energy and velocity to turbu-
lence.

The term ‘bladeless’ 1s used to describe a fan assembly 1n
which air tlow 1s emitted or projected forward from the fan
assembly without the use of moving blades. Consequently, a
bladeless fan assembly can be considered to have an output
area, or emission zone, absent moving blades from which the
air flow 1s directed towards a user or into a room. The output
area ol the bladeless fan assembly may be supplied with a
primary air flow generated by one of a variety of different
sources, such as pumps, generators, motors or other fluid
transfer devices, and which may include a rotating device
such as a motor rotor and/or a bladed impeller for generating
the air flow. The generated primary air tlow can pass from the
room space or other environment outside the fan assembly
through the 1nterior passage to the nozzle, and then back out
to the room space through the mouth of the nozzle.

Hence, the description of a fan assembly as bladeless 1s not
intended to extend to the description of the power source and
components such as motors that are required for secondary
fan functions. Examples of secondary fan functions can
include lighting, adjustment and oscillation of the fan assem-
bly.

The shape of the nozzle of a bladeless fan assembly 1s thus
not constrained by the requirement to include space for a
bladed fan. Preferably, the nozzle surrounds the opening. The
nozzle may be an annular nozzle which preferably has a
height in the range from 200 to 400 mm. The interior passage
1s preferably annular, and 1s preferably shaped to divide the
air flow 1nto two air streams which tlow 1n opposite directions
around the opening.

Preferably, the mouth of the nozzle extends about the open-
ing, and 1s preferably annular. The nozzle preferably com-
prises an 1nner casing section and an outer casing section
which define the interior passage and the mouth of the nozzle.
Each section 1s preferably formed from a respective annular
member, but each section may be provided by a plurality of
members connected together or otherwise assembled to form
that section. The outer casing section 1s preferably shaped so
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4

as to partially overlap the mner casing section to define an
outlet of the mouth between overlapping portions of the exter-
nal surface of the inner casing section and the internal surface
ol the outer casing section of the nozzle. The outlet 1s prefer-
ably 1n the form of a slot, preferably having a width 1n the
range from 0.5 to 5 mm. The nozzle may comprise a plurality
of spacers for urging apart the overlapping portions of the
iner casing section and the outer casing section of the nozzle.
This can assist 1n maintaining a substantially uniform outlet
width about the opening. The spacers are preferably evenly
spaced along the outlet.

The nozzle may be inclined so that the air current 1s emitted
upwardly from the fan assembly. For example, the nozzle
may be inclined so that the air current 1s emitted at an angle in
the range from 5 to 25° to the horizontal. This can enable the
current of moist air emitted from the apparatus to be angled
away from a floor or other surface upon which the apparatus
1s located. This can reduce the risk of the moisture within the
air flow collecting on the surface, rather than evaporating into
the atmosphere. The fan assembly preferably comprises
means for oscillating the nozzle relative to the humidifier so
that the humid air current 1s swept over an arc, preferably in
the range from 60 to 120°. For example, a base of the fan
assembly may comprise means for oscillating an upper part of
the base, to which the nozzle 1s connected, relative to a lower
part of the base.

The nozzle may comprise a surface located adjacent the
mouth and over which the mouth 1s arranged to direct the air
flow emitted therefrom. This surface 1s preferably a Coanda
surface. Preferably, the external surface of the mnner casing
section of the nozzle 1s shaped to define the Coanda surface.
The Coanda surface preferably extends about the opening. A
Coanda surface 1s a known type of surface over which fluid
flow exiting an output orifice close to the surface exhibits the
Coanda effect. The tluid tends to flow over the surface closely,
almost ‘clinging to” or ‘hugging’ the surface. The Coanda
elfect 1s already a proven, well documented method of
entrainment in which a primary air flow 1s directed over a
Coanda surface. A description of the features of a Coanda
surface, and the effect of fluid flow over a Coanda surface, can
be found 1n articles such as Reba, Scientific American, Vol-
ume 214, June 1966 pages 84 to 92. Through use of a Coanda
surface, an increased amount of air from outside the fan
assembly 1s drawn through the opening by the air emitted
from the mouth.

In the present invention an air flow 1s created through the
nozzle of the fan assembly. In the following description this
air flow will be referred to as a primary air flow. The primary
air flow 1s emitted from the mouth of the nozzle and prefer-
ably passes over a Coanda surface. The primary air flow
entrains air surrounding the mouth of the nozzle, which acts
as an air amplifier to supply both the primary air flow and the
entrained air to the user. The entrained air will be referred to
here as a secondary air flow. The secondary air flow 1s drawn
from the room space, region or external environment sur-
rounding the mouth of the nozzle and, by displacement, from
other regions around the fan assembly, and passes predomi-
nantly through the opening defined by the nozzle. The pri-
mary air flow directed over the Coanda surface combined
with the entrained secondary air flow equates to a total air
flow emitted or projected forward from the opening defined
by the nozzle.

Preferably, the humidifier comprises a mist outlet located
directly behind part, preferably the lowest part, of the Coanda
surface ol the nozzle. The speed at which the air flows through
the opeming of the nozzle tends to reach a maximum value
adjacent the Coanda surface, and so through positioning the
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mist outlet directly behind part of the Coanda surface the mist
can become entrained within the part of the air flow drawn
into the opening with the greatest speed. This can maximise
the speed with which the water droplets within the air current
are emitted from the humidifying apparatus. The humiditying
apparatus may be provided with a support upon which the
humidifier may be located in order to raise the humidifier so
that mist outlet 1s substantially level with the lowest part of the
Coanda surtface of the nozzle.

Preferably, the nozzle comprises a diffuser surface located
downstream of the Coanda surface. The external surface of
the inner casing section of the nozzle 1s preferably shaped to
define the diffuser surface.

Preferably the means for creating an air flow through the
nozzle comprises an impeller driven by a motor. This can
provide a fan assembly with efficient air flow generation. The
means for creating an air flow preferably comprises a DC
brushless motor and a mixed tlow impeller. This can avoid
frictional losses and carbon debris from the brushes used 1n a
traditional brushed motor. Reducing carbon debris and emis-
s1ons 1s advantageous 1n a clean or pollutant sensitive envi-
ronment such as a hospital or around those with allergies.
While induction motors, which are generally used in bladed
fans, also have no brushes, a DC brushless motor can provide
a much wider range of operating speeds than an induction
motor.

The humidifier may comprise a base having a lower surface
shaped to define a channel for receiving a mains cable of the
fan assembly. Allowing part of a mains cable of the fan
assembly to be arranged beneath the base of the humidifier
reduces the amount of that cable which 1s exposed, for
example on a work counter.

In a second aspect the present invention provides humaidi-
tying apparatus comprising a humidifier for emitting moist
air into an external environment, a fan assembly for generat-
ing an air current within the external environment for convey-
ing the emitted moist air away from the humidifier, and a
sensor for detecting the relative humidity of air 1n the external
environment, the humidifier comprising a water reservoir, a
plurality of transducers for atomizing water stored in the
reservolr, and a drive circuit arranged to actuate an initial
number n, of the transducers to increase the relative humidity
detected by the sensor to a preset level, and to actuate a
subsequent, preferably lower, number n, of the transducers to

maintain the detected relative humidity around the preset
level.

Features described above in connection with the first aspect

of the mnvention are equally applicable to the second aspect of
the 1nvention.

BRIEF DESCRIPTION OF THE DRAWINGS

An embodiment of the present immvention will now be
described, by way of example only, with reference to the
accompanying drawings, in which:

FIG. 1 1s a perspective view of a humiditying apparatus;

FIG. 2 1s a side view of the apparatus of FIG. 1;

FIG. 3 15 a side sectional view of the fan assembly of the
apparatus of FIG. 1;

FI1G. 4 1s an enlarged sectional view of part of the nozzle of
the fan assembly of the apparatus of FIG. 1;

FIG. 5 15 a top view of the humidifier of the apparatus of
FIG. 1;

FIG. 6 1s a side sectional view of the humidifier, taken
along line D-D i FIG. 5;

FI1G. 7 1s a top view of the base of the humidifier of FIG. 5;
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FIG. 8 1s a top sectional view of the base of the humadifier,
taken along line E-E 1n FIG. 6;

FIG. 9 1s a side sectional view of the base of the humidifier,
taken along line J-J in FIG. 7;

FIG. 10 1s a schematic illustration of the control system of
the humidifier;

FIG. 11 1s a graph 1llustrating the variation with time of the
relative humidity detected by the sensor of the humidifying
apparatus of FIG. 1.

DETAILED DESCRIPTION OF THE INVENTION

With reference first to FIGS. 1 and 2, an example of a
humiditying apparatus comprises a fan assembly 10 and a
humidifier 100 located behind the fan assembly 10. The fan
assembly 10 1s preferably in the form of a bladeless fan
assembly comprising a stand 12 and a nozzle 14 mounted on
and supported by the stand 12. The stand 12 comprises a
substantially cylindrical outer casing 16 having a plurality of
air inlets 1n the form of a grille 18 formed 1n the outer casing
16 and through which a primary air flow 1s drawn 1nto the
stand 12 from the external environment. The stand 12 further
comprises a plurality of user-operable buttons 20 and a user-
operable dial 22 for controlling the operation of the fan
assembly 10. In this example the stand 12 has a height 1n the
range from 200 to 300 mm, and the outer casing 16 has an
external diameter 1n the range from 100 to 200 mm.

The nozzle 14 has an annular shape and defines a central
opening 24. The nozzle 14 has a height in the range from 200
to 400 mm. The nozzle 14 comprises a mouth 26 located
towards the rear of the fan assembly 10 for emitting air from
the fan assembly 10 and through the opening 24. The mouth
26 extends at least partially about the opening 24. The 1mnner
periphery of the nozzle 14 comprises a Coanda surface 28
located adjacent the mouth 26 and over which the mouth 26
directs the air emitted from the fan assembly 10, a diffuser
surface 30 located downstream of the Coanda surface 28 and
a guide surface 32 located downstream of the diffuser surface
30. The diffuser surface 30 1s arranged to taper away from the
central axis X of the opening 24 in such a way so as to assist
the tlow of air emitted from the fan assembly 10. The angle
subtended between the diffuser surface 30 and the central axis
X of the opening 24 1s 1n the range from 5 to 25°, and 1n this
example 1s around 15°. The guide surface 32 1s arranged at an
angle to the difluser surface 30 to further assist the efficient
delivery of a cooling air tlow from the fan assembly 10. The
guide surface 32 1s preferably arranged substantially parallel
to the central axis X of the opening 24 to present a substan-
tially flat and substantially smooth face to the air flow emitted
from the mouth 26. A visually appealing tapered surface 34 1s
located downstream from the guide surface 32, terminating at
a tip surface 36 lying substantially perpendicular to the cen-
tral axis X of the opening 24. The angle subtended between
the tapered surface 34 and the central axis X of the opening 24
1s preferably around 45°. The overall depth of the nozzle 24 1n
a direction extending along the central axis X of the opening
24 1s 1n the range from 100 to 150 mm, and 1n this example 1s
around 110 mm.

FIG. 3 1llustrates a sectional view through the fan assembly
10. The stand 12 comprises a base formed from a lower base
member 38 and an upper base member 40 mounted on the
lower base member 38, and a main body 42 mounted on the
base. The lower base member 38 has a substantially flat
bottom surface 43. The upper base member 40 houses a
controller 44 for controlling the operation of the fan assembly
10 1n response to depression of the user operable buttons 20
shown i FIGS. 1 and 2, and/or manipulation of the user
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operable dial 22. The lower base member 38 may house an
oscillating mechanism 46 for oscillating the upper base mem-
ber 40 and the main body 42 relative to the lower base mem-
ber 38. The range of each oscillation cycle of the main body
42 1s preterably between 60° and 120°, and 1n this example 1s
around 90°. In this example, the oscillating mechanism 46 1s
arranged to perform around 3 to 5 oscillation cycles per
minute. A mains power cable 48 extends through an aperture
tformed 1n the lower base member 38 for supplying electrical
power to the fan assembly 10.

The main body 42 of the stand 12 has an open upper end to
which the nozzle 14 1s connected, for example by a snap-fit
connection. The main body 42 houses an impeller 52 for
drawing a primary air flow through the apertures of the grille
18 and into the stand 12. Preferably, the impeller 52 1s in the
form of a mixed tlow impeller. The impeller 52 1s connected
to a rotary shatt 534 extending outwardly from a motor 56. In
this example, the motor 56 1s a DC brushless motor having a
speed which 1s vanable by the controller 44 1n response to
user manipulation of the dial 22. Cable 57 connects the con-
troller 44 to the motor 56. The maximum speed of the motor
56 1s preferably in the range from 5,000 to 10,000 rpm. The
motor 56 1s housed within a motor bucket comprising an
upper portion 538 connected to a lower portion 60. One of the
upper portion 58 and the lower portion 60 of the motor bucket
comprises a diffuser 62 1n the form of a stationary disc having
spiral blades, and which 1s located downstream from the
impeller 52.

The motor bucket 1s located within, and mounted on, an
impeller housing 64. The impeller housing 64 is, 1n turn,
mounted on a plurality of angularly spaced supports 66, in
this example three supports, located within the main body 42
of the stand 12. A generally frusto-conical shroud 68 is
located within the impeller housing 64. The shroud 68 is
shaped so that the outer edges of the impeller 52 are 1n close
proximity to, but do not contact, the inner surface of the
shroud 68. A substantially annular inlet member 70 1s con-
nected to the bottom of the impeller housing 64 for guiding
the primary air flow 1nto the impeller housing 64. Preferably,
the stand 12 further comprises silencing foam for reducing
noise emissions from the stand 12. In this example, the main
body 42 of the stand 12 comprises a disc-shaped foam mem-
ber 72 located towards the base of the main body 42, and a
substantially annular foam member 74 located within the
motor bucket.

FI1G. 4 1llustrates a sectional view through the nozzle 14.
The nozzle 14 comprises an annular outer casing section 80
connected to and extending about an annular inner casing
section 82. Each of these sections may be formed from a
plurality of connected parts, but 1n this embodiment each of
the outer casing section 80 and the inner casing section 82 1s
formed from a respective, single moulded part. The 1nner
casing section 82 defines the central opening 24 of the nozzle
14, and has an external peripheral surtace 84 which 1s shaped
to define the Coanda surface 28, diffuser surface 30, guide
surface 32 and tapered surface 34.

The outer casing section 80 and the inner casing section 82
together define an annular interior passage 86 of the nozzle
14. Thus, the interior passage 86 extends about the opening
24. The interior passage 86 1s bounded by the internal periph-
cral surface 88 of the outer casing section 80 and the internal
peripheral surface 90 of the inner casing section 82. The outer
casing section 80 comprises a base 92 which 1s connected to,
and over, the open upper end of the main body 42 of the stand
12, for example by a snap-fit connection. The base 92 of the
outer casing section 80 comprises an aperture through which
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the primary air tlow enters the interior passage 86 of the
nozzle 14 from the open upper end of the main body 42 of the
stand 12.

The mouth 26 of the nozzle 14 1s located towards the rear of
the fan assembly 10. The mouth 26 1s defined by overlapping,
or facing, portions 94, 96 of the internal peripheral surface 88
of the outer casing section 80 and the external peripheral
surface 84 of the mner casing section 82, respectively. In this
example, the mouth 26 1s substantially annular and, as 1llus-
trated 1n FIG. 4, has a substantially U-shaped cross-section
when sectioned along a line passing diametrically through the
nozzle 14. In this example, the overlapping portions 94,96 of
the internal peripheral surtface 88 of the outer casing section
80 and the external peripheral surface 84 of the inner casing
section 82 are shaped so that the mouth 26 tapers towards an
outlet 98 arranged to direct the primary tlow over the Coanda
surface 28. The outlet 98 1s 1n the form of an annular slot,
preferably having a relatively constant width in the range
from 0.5 to 5 mm. In this example the outlet 98 has a width of
around 1.0 mm. Spacers may be spaced about the mouth 26
for urging apart the overlapping portions 94, 96 of the internal
peripheral surface 88 of the outer casing section 80 and the
external peripheral surface 84 of the inner casing section 82 to
maintain the width of the outlet 98 at the desired level. These
spacers may be integral with either the internal peripheral
surface 88 of the outer casing section 80 or the external
peripheral surface 84 of the inner casing section 82.

Turning now to FIGS. 1, 2 and 5, the humidifier 100 com-
prises a base 102 and a water tank 104 removably mountable
on the base 102. The water tank 104 preferably has a capacity
in the range from 2 to 4 liters. The upper surface of the water
tank 104 1s shaped to define a handle 106 to enable a user to
l11t the water tank 104 from the base 102 using one hand. The
water tank 104 comprises a mist outlet 108 located in the
upper surface 110 of the water tank 104 for emitting moist air,
or mist, from the humidifier 100. With reference to FIG. 6,
mist 15 conveyed to the mist outlet 108 from a duct 112
passing upwardly through the water tank 104, resulting 1n the
emission of mist from the humidifier 100 1n a generally ver-
tical direction. Battles 113 are located within the duct 112 to
inhibit the emission of relatively large water droplets from the
humaidifier 100.

The base 102 and the water tank 104 each comprise a
concave front section having a radius which 1s approximately
the same size as the radius of the outer casing 16 of the stand
12 of the fan assembly 10. This allows the humidifier 100 to
be located adjacent the fan assembly 100 so that the mist
outlet 108 1s 1n close proximity to the nozzle 14 of the fan
assembly. In this example, the mist outlet 108 can be spaced
from the rear surface of the nozzle 14 of the fan assembly 10
by a minimum distance in the range from 5 to 30 cm. The mist
outlet 108 1s preferably located directly behind, and approxi-
mately level with, the lowest portion of the Coanda surface 28
of the nozzle 14 of the fan assembly 10. If required, the
humidifier 100 may be mounted on a support (not shown) to
raise the mist outlet 108 so that 1t 1s level with the lowest
portion of the Coanda surface 28 of the nozzle 14.

The water tank 104 has a lower surface 114 to which a
spout 116 1s removably connected, for example through co-
operating threaded connections. In this example the water
tank 104 1s filled by removing the water tank 104 from the
base 102 and inverting the water tank 104 so that the spout
116 1s projecting upwardly. The spout 116 1s then unscrewed
from the lower surface 114 of the water tank 104 and water 1s
introduced into the water tank 104 through an aperture
exposed when the spout 116 1s disconnected from the lower

surface 114 of the water tank 104. Once the water tank 104
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has been filled, the user reconnects the spout 116 to the lower
surface 114 of the water tank 104, re-inverts the water tank
104 and replaces the water tank 104 on the base 102. A
spring-loaded valve 118 1s located within the spout 116 for
preventing leakage of water through a water outlet 120 of the
spout 116 when the water tank 104 1s re-inverted. The valve
118 1s biased towards a position in which a skirt 122 of the
valve 118 engages the upper surface of the spout 116 to
prevent water entering a water inlet 124 of the spout 116 from
the water tank 104.

A water softener cartridge 126 1s removably connected to
the spout 116, for example through co-operating threaded
connections. The cartridge 126 may contain an 1on-exchange
resin, threshold inhibitor chemical, such as polyphosphate, or
other media to affect the precipitation of limescale. The car-
tridge 126 defines a serpentine path, 1llustrated at P 1n FIG. 6,
along which water flows as 1t passes from the water tank 104
to the spout 116 to increase the residence time of the water
within the cartridge 126. Perforations may be formed on the
upper surface of the cartridge 126 to allow air within the
cartridge 126 to be displaced therefrom as water enters the
cartridge 126 from the water tank 104.

With reference also to FIGS. 7 to 9, the base 102 has an
upper surface 128. The upper surface 128 of the base 102
comprises a recessed portion 130 which defines a water res-
ervoir 132 for receiving water from the water tank 104. A pin
134 extending upwardly from the recessed portion 130 of the
upper surface 128 protrudes into the spout 116 when the water
tank 104 1s located on the base 102. The pin 134 pushes the
valve 118 upwardly to open the spout 116, thereby allowing
water to pass under gravity into the water reservoir 132 from
the water tank 104. This results 1n the water reservoir 132
becoming filled with water to a level which 1s substantially
co-planar with the upper surface of the pin 134. A magnetic
level sensor 136 1s located within the water reservoir 132 for
detecting the level of water within the water reservoir 132.

The recessed portion 130 of the upper surface 128 com-
prises two apertures 138 each for exposing the surface of a
respective piezoelectric transducer 140a, 1406 located
beneath the upper surface 128 of the base 102 for atomising,
water stored in the water reservoir 132. An annular metallic
heat sink 142 1s located between the base 102 and each trans-
ducer 140a, 1405 for transierring heat from the transducer to
the water stored 1n the water reservoir 132. Each heat sink 142
has a conical upper surface 144 for increasing the rate of
atomisation of water by the transducers 140q, 14056. The
atomisation rate 1s further increased by inclining the upper
surfaces of the transducers 140a, 1405 at an angle 1n the range
from 5 to 10° to the horizontal. An annular sealing member
144 forms a water-tight seal between each transducer 140a,
1406 and 1ts heat sink 142. A drive circuit 146 1s located
beneath the upper surface 128 of the base 102 for actuating,
ultrasonic vibration of the transducers 140a, 1405 to atomise
water within the water reservoir 132. As illustrated in FIG. 10,
the drive circuit 146 may be arranged to receive a signal from
the level sensor 136 which 1s indicative of the level of the
water 1n the water reservoir 132 falling below a minimum
level. In response to this signal, the drive circuit 146 termi-
nates actuation of the transducers 140q, 1405.

The base 102 further comprises a motor-driven fan 148 for
generating an air flow through the humadifier 100, preferably
at a rate 1n the range from 1 to 2 liters per second. The drive
circuit 146 preferably controls the actuation and the speed of
the motor 149 for driving the fan 148. The fan 148 1s located
within a fan housing 150 formed 1n the base 102 of the
humidifier 100. The fan housing 150 comprises an air inlet in
the form of a plurality of apertures 152 formed 1n the side wall
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of the base 102 and through which an air tlow 1s drawn 1nto the
fan housing 150 by rotation of the fan 148, and an air outlet
154 through which the air flow passes mto an air duct 156
located to one side of the water reservoir 132. Apertures 158
are located on the upper periphery of the air duct 156 for
emitting the air tflow from the air duct at a level which 1s above
the maximum level for water stored 1n the water reservoir 132
so that the air flow emitted from the air duct 156 passes over
the surface of the water located in the water reservoir 132
betore entering the duct 112 of the water tank 102.

A user interface for controlling the operation of the humaidi-
fier 100 1s located on the side wall of the base 102. In this
example, the user interface comprises a plurality of user-
operable buttons 160a, 1605 and a user-operable dial 162.
The dial 162 may be manipulated by the user to set a desired
level for the relative humidity of the environment 1n which the
humidifying apparatus 1s located, such as a room, oiffice or
other domestic environment. For example, the desired rela-
tive humidity level may be selected within a range from 30 to

80% at 20° C. through manipulation of the dial 162. One of
the buttons 160a 1s an on/off button for the humidifier 100,
whereas the other button 1605 may be depressed to override
the dial setting so that the humidifier 100 continues to operate
until the water tank 102 has emptied. The user interface
further comprises a user interface circuit 164 which outputs
control signals to the drive circuit 146 which are indicative of
the angular position of the dial 162 and upon depression of
one of the buttons 160, and which receives control signals
output by the drive circuit 146. The user interface may also
comprise one or more LEDs (shown in FIG. 10) for providing
a visual alert depending on a status of the humidifier 100. For
example, an LED 1654 may be illuminated by the drive
circuit 146 indicating that the water tank 104 has become
depleted, as indicated by a signal recerved by the drive circuit
146 from the level sensor 136.

The humidifier 100 further comprises a humidity sensor
166 for detecting the relative humidity of air 1n the external
environment, and for supplying a signal indicative of the
detected relative humidity to the drive circuit 146. In this
example the humidity sensor 166 1s located immediately
behind the apertures 152 formed in the side wall of the base
102 to detect the relative humidity of the air flow drawn 1nto
the base 104 of the humidifier 100 by the fan 148. The user
interface may comprise an LED 1655 which 1s 1lluminated by
the drive circuit 146 when an output from the humidity sensor
166 indicates that the relative humidity of the air flow entering
the base 102 1s at or above the desired relative humidity level
set by the user.

The humadifier 100 also comprises a power supply 168 for
supplying power to the various electrical components of the
humaidifier 100, including the drive circuit 146, the motor for
driving the fan 148 and the user interface circuit 164. A mains
power cable (not shown) extends through an aperture formed
in the base 102 for supplying electrical power to the power
supply 168.

The operation of the humiditying apparatus will now be
described.

To operate the fan assembly 10, the user depresses an
appropriate one of the buttons 20 on the stand 12 of the fan
assembly 10, 1n response to which the controller 44 activates
the motor 56 to rotate the impeller 52. The rotation of the
impeller 52 causes a primary air flow to be drawn into the
stand 12 of the fan assembly 10 through the grille 18. The
primary air flow passes sequentially through the impeller
housing 64 and the aperture formed 1n the base 92 of the outer
casing section 80 of the nozzle 14 to enter the interior passage
86 of the nozzle 14. Within the nozzle 14, the primary air tlow
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1s divided into two air streams which pass 1n opposite direc-
tions around the central opening 24 of the nozzle 14. As the air
streams pass through the interior passage 86, air enters the
mouth 26 of the nozzle 14. The air tlow 1nto the mouth 26 1s
preferably substantially even about the opening 24 of the
nozzle 14. Within each section of the mouth 26, the flow
direction of the portion of the air stream 1s substantially
reversed. The portion of the air stream 1s constricted by the
tapering section of the mouth 26 and emitted through the
outlet 98.

The primary air flow emitted from the mouth 26 1s directed
over the Coanda surface 28 of the nozzle 14, causing a sec-
ondary air flow to be generated by the entrainment of air from
the external environment, specifically from the region around
the outlet 98 of the mouth 26 and from around the rear of the
nozzle 14. This secondary air tlow passes through the central
opening 24 of the nozzle 14, where 1t combines with the
primary air flow to produce a total air flow, or air current,
projected forward from the nozzle 14. Depending on the
speed of the motor 56, the mass flow rate of the air current
projected forward from the fan assembly 10 may be up to 400
liters per second, preferably up to 600 liters per second.

The even distribution of the primary air flow along the
mouth 26 of the nozzle 14 ensures that the air flow passes
evenly over the diffuser surface 30. The diffuser surface 30
causes the mean speed of the air flow to be reduced by moving
the air flow through a region of controlled expansion. The
relatively shallow angle of the diffuser surface 30 to the
central axis X of the opening 24 allows the expansion of the
air tlow to occur gradually. A harsh or rapid divergence would
otherwise cause the air flow to become disrupted, generating
vortices 1n the expansion region. Such vortices can lead to an
increase in turbulence and associated noise in the air flow
which can be undesirable, particularly 1n a domestic product
such as a fan. The air flow projected forwards beyond the
diffuser surface 30 can tend to continue to diverge. The pres-
ence of the guide surface 32 extending substantially parallel
to the central axis X of the opening 30 further converges the
air tlow. As a result, the air flow can travel efficiently out from
the nozzle 14, enabling the air flow can be experienced rap-
1dly at a distance of several meters from the fan assembly 10.

When the fan assembly 10 i1s operating, the user may
switch on the humidifier 100 by pressing the appropnate
button 160a of the user interface of the humidifier 100. In
response to the depression of the button 160a, the drive circuit
146 activates the motor 149 to rotate the fan 148 to generate
an air flow through the humidifier 100. Simultaneous with the
actuation of the motor 149 of the fan 148, the drive circuit 146
actuates the vibration of both of the transducers 140a, 1405,
preferably at a frequency 1n the range from 1 to 2 MHz, to
atomise water present within the water reservoir 132. This
creates airborne water droplets above the water located within
the water reservoir 132. As water within the water reservoir
132 1s atomised, the water reservoir 132 1s constantly replen-
1shed with water from the water tank 104, so that the level of
water within the water reservoir 132 remains substantially
constant while the level of water within the water tank 104
gradually falls.

With rotation of the fan 148, an air flow 1s drawn 1nto the
humidifier 100 through the apertures 152 formed 1n the side
wall of the base 102. The air flow passes through the fan
housing 150 and 1nto the air duct 156, from which it 1s emitted
through the apertures 158. The air flow passes over the water
located 1n the water reservoir 132, causing the airborne water
droplets to become entrained within the air flow generated by
the fan 148. The—now moist—air flow passes upwardly
through the spout 112 and 1s emitted from the mist outlet 108
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in the form of a mist or fog. This mist 1s drawn through the
central opening 24 of the nozzle 14 as part of the secondary air
flow generated by the emission of the primary air flow from
the mouth 26 of the nozzle 14. Consequently, the mist 1s
conveyed away from the humidifier 100 within the air current
generated by the fan assembly 10, thereby enabling a humid
air current to be experienced rapidly at a distance of several
meters from the humidifier 100. Through oscillation of the
main body 42 of the stand 12, and thus oscillation of the
nozzle 14, relative to the humidifier 100, this humid air cur-
rent can be swept over an arc in the range from 60 to 120°,
preferably around 90°, to increase rapidly the dispersion of
the humid air into the external environment.

Provided that the button 1605 has not been depressed, the
moist air flow 1s emitted from the humidifier 100 until the
relative humidity of the air flow entering the humidifier 100,
as detected by the humidity sensor 166, 1s 1% at 20° C. hugher
than the relative humidity level selected by the user using the
dial 162. The emission of a moist air flow from the humidifier
100 1s then terminated by the drive circuit 146, through ter-
minating the supply of actuating signals to the transducers
140a,1405. Optionally, the motor 149 may also be stopped so
that no air flow 1s emitted from the humidifier 100 but when
the humadity sensor 166 1s located 1n close proximity to the
motor 149, as 1n this example, it 1s preferred that the motor
149 1s continually operated to avoid undesirable temperature
fluctuation 1n the local environment of the humidity sensor
166. When the humidity sensor 166 1s located outside the
humidifier 100, for example, the motor 149 may also be
stopped when the relative humidity of the air of the environ-
ment local to the humidity sensor 166 1s 1% at 20° C. higher
than the relative humidity level selected by the user.

As aresult of the termination of the emission of a moist air
flow from the humidifier 100, the relative humidity detected
by the humidity sensor 166 will begin to fall. Once the relative
humidity of the air of the environment local to the humidity
sensor 166 has fallen to 1% at 20° C. below the relative
humidity level selected by the user, the drive circuit 146
outputs actuating signals to a selected one of the transducers,
for example transducer 140q, to re-start the emission of a
moist air flow from the humidifier 100. As before, the moist
air tlow 1s emitted from the humidifier 100 until the relative
humidity detected by the humidity sensor 166 1s 1% at 20° C.
higher than the relative humidity level selected by the user, at
which point the actuation of the transducer 140a 1s termi-
nated. Once the relative humidity of the air of the environment
local to the humidity sensor 166 has again fallen to 1% at 20°
C. below the relative humidity level selected by the user, the
drive circuit 146 outputs actuating signals to the other trans-
ducer, for example transducer 1405, to re-start the emission of
a moist air flow from the humidifier 100. Again, the moist air
flow 1s emitted from the humidifier 100 until the relative
humidity detected by the humidity sensor 166 1s 1% at 20° C.
higher than the relative humidity level selected by the user, at
which point the actuation of the transducer 1405 1s termi-
nated.

This sequence of alternate actuation of the transducers
1404, 1405 to maintain the detected humidity level around the
level selected by the user continues until the button 160a 1s
depressed to switch off the humidifier 100 or until a signal 1s
received from the level sensor 136 indicating that the level of

water within the water reservoir 132 has fallen by the mini-
mum level.

The relative humidity detected by the humidity sensor 166
1s thus maintained around the level selected by the user using
the dial 162 by the subsequent actuation of a reduced number
n, of transducers (one) in comparison to the number n,; of
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transducers (two) used to mitially increase the relative humid-
ity 1n the external environment to the selected level. The
advantage associated with the actuation of a greater number
of transducers to initially raise the relative humidity in the
external environment to the selected level 1s indicated 1n FIG.
11. F1G. 11 1s a graph illustrating the variation of the detected
relative humidity with time for two operations of the humaidi-
tying apparatus. In the first operation both transducers 140aq,
14056 are actuated iitially to raise the relative humadity to
50% at 20° C. In the second operation, only transducer 140qa
1s actuated to imitially raise the relative humidity to 50% at 20°
C. The vaniation of the detected relative humidity with time
for the first operation 1s indicated by line 180 in FIG. 11,
whereas the variation of the detected relative humidity with
time for the second operation 1s indicated by line 182 i FIG.
11. As can be seen from FIG. 11, the time taken for the
detected relative humidity to increase from a base level of
around 30% at 20° C. to the preset level was considerably
shorter when both transducers 140q, 1405 were used to raise
the relative humidity to 50% at 20° C.

As an alternative to actuating a reduced number n, of
transducers to maintain the detected relative humidity around
the preset level, the same number n, of transducers (two) used
to in1tially increase the relative humidity in the external envi-
ronment to the selected level may also be used to maintain the
detected relative humidity around the preset level. In this
case, the duration of the actuation of the n, transducers from
when the detected relative humidity of the air of the environ-
ment local to the humidity sensor 166 has again fallen to 1%
at 20° C. below the relative humidity level to when the relative
humidity detected by the humidity sensor 166 1s 1% at 20° C.
higher than the relative humidity level selected by the user 1s
shorter than when the reduced number n, of transducers to
maintain the detected relative humadity around the preset
level. With reference again to FIG. 11, 1n the first operation
both transducers 140a, 1405 are actuated to maintain the
detected relative humidity around the preset level, whereas 1n
the second operation only a single actuator 1s used to maintain
the detected relative humidity around the preset level. Simailar
to when a reduced number n,, of transducers 1s used to main-
tain the detected relative humidity around the preset level, this
can enable the life time of the transducers 140a, 1405 to be
prolonged.

The mvention claimed 1s:

1. Humidifying apparatus comprising a humidifier for
emitting moist air into an external environment, a fan assem-
bly for generating an air current within the external environ-
ment for conveying the emitted moist air away from the
humidifier, the fan assembly comprising a device for creating,
an air tlow, and a nozzle comprising an interior passage for
receiving the air flow and a mouth for emitting the air tlow, the
nozzle extending about and defining an opening for recerving,
both the moist air emitted from the humidifier and the air tlow
emitted from the mouth, and wherein air from outside the
nozzle 1s drawn through the opening by the air flow emitted
from the mouth.

2. The humiditying apparatus of claim 1, wherein the fan
assembly 1s a bladeless fan assembly.

3. The humiditying apparatus of claim 1, wherein the inte-
rior passage 1s shaped to divide the recerved air flow into two
air streams each flowing along a respective side of the open-
ng.

4. The humiditying apparatus of claim 1, wherein the inte-
rior passage 1s substantially annular.

5. The humidifying apparatus of claim 1, wherein the
mouth extends about the opening.
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6. The humiditying apparatus of claim 1, wherein the
nozzle comprises an iner casing section and an outer casing
section which together define the interior passage and the
mouth.

7. The humiditying apparatus of claam 6, wherein the
mouth comprises an outlet located between an external sur-
face of the mnner casing section of the nozzle and an internal
surface of the outer casing section of the nozzle.

8. The humiditying apparatus of claim 7, wherein the outlet
1s 1n the form of a slot extending at least partially about the
opening.

9. The humiditying apparatus of claim 7, wherein the outlet
has a width 1n the range from 0.5 to 5 mm.

10. The humidifying apparatus of claim 1, wherein the
nozzle comprises a surface located adjacent the mouth and
over which the mouth 1s arranged to direct the air flow.

11. The humidifying apparatus of claim 10, wherein the
surtace 1s a Coanda surface.

12. The humidifying apparatus of claim 11, wherein the
Coanda surface extends about the opening.

13. The humidifying apparatus of claim 11, wherein the
humidifier comprises a mist outlet located directly behind
part of the Coanda surface of the nozzle.

14. The humidifying apparatus of claim 1, wherein the fan
assembly 1s integral with the humidifier.

15. Humiditying apparatus comprising a humidifier having
a mist outlet for emitting moist air into an external environ-
ment, a fan assembly for generating an air current within the
external environment for conveying the emitted moist air
away from the humidifier, the fan assembly comprising a
device for creating an air flow and a nozzle comprising an
interior passage for receiving the air flow and a mouth for
emitting the air flow, the nozzle extending about and defining
an opening through which air from outside the nozzle is
drawn by the air flow emitted from the mouth, and wherein
the humid air emitted from the mist outlet becomes entrained
within the air flow drawn through the opening.

16. The humiditying apparatus of claim 135, wherein the fan
assembly 1s a bladeless fan assembly.

17. The humiditying apparatus of claim 15, wherein the
interior passage 1s shaped to divide the received air flow 1nto
two air streams each flowing along a respective side of the
opening.

18. The humiditying apparatus of claim 15, wherein the
interior passage 1s substantially annular.

19. The humidifying apparatus of claim 15, wherein the
mouth extends about the opening.

20. The humidifying apparatus of claim 15, wherein the
nozzle comprises an mner casing section and an outer casing
section which together define the interior passage and the
mouth.

21. The humidifying apparatus of claim 20, wherein the
mouth comprises an outlet located between an external sur-
face of the mner casing section of the nozzle and an internal
surface of the outer casing section of the nozzle.

22. The humidifying apparatus of claim 21, wherein the
outlet 1s 1n the form of a slot extending at least partially about
the opening.

23. The humidifying apparatus of claim 21, wherein the
outlet has a width 1n the range from 0.5 to 5 mm.

24. The humidifying apparatus of claim 15, wherein the
nozzle comprises a surface located adjacent the mouth and
over which the mouth is arranged to direct the air tlow.

25. The humidifying apparatus of claim 24, wherein the
surface 1s a Coanda surface.

26. The humidifying apparatus of claim 25, wherein the
Coanda surface extends about the opening.
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27. The humiditying apparatus of claim 25, wherein the
mist outlet 1s located directly behind part of the Coanda
surtace of the nozzle.

28. The humidifying apparatus of claim 15, wherein the fan
assembly 1s integral with the humidifier. 5
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